1
Due to importance of the assay of alcohols in various matrices such as clinical, chemical, pharmaceutical, environmental and food samples, a number of methods are reported in the literature. These methods include spectrophotometry, capillary electrophoresis, high performance liquid chromatography, nearinfrared spectroscopy, flow injection analysis, gas chromatography and enzymatic methods. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Among the mentioned methods, gas chromatography is a powerful and widely used tool for the separation, identification and quantification of alcohols in various samples. [15] [16] [17] [18] [19] In the late 1980s, Arthur and Pawlisyzn introduced SPME as a micro scale solvent-free alternative to most sample preparation and preconcentration techniques. 20 High sensitivity and ease of operation make this technique advantageous over conventional headspace, purge and trap methods.
In this study, we made a new coating on silver wire based on silver sulfide in PVC matrix and applied it successfully for sampling of ethanol and methanol from headspace of human body fluids prior to gas chromatographic analysis.
Experimental

Apparatus
A GC apparatus consisting of a Dany GC-1000 (Italy), equipped with FID detector, data processor (DS-1000, Dany), hydrogen generator Model GLAIND-2200 (Italy) and a split/splitless injector was used. An Altech Econo-Cap, EC-1000 capillary column (30 m × 0.25 mm i.d., film thickness 0.25 μm) was utilized. A laboratory made SPME device was used in all experiments.
Reagents
Methanol, ethanol, iso-butanol and other chemicals were all from E. Merck (Germany). Helium, 99.999% was from Roham Gas Co. (Midde East Dubai, United Arab Emirates). High relative molecular weight PVC and tetrahydrofuran (THF) were purchased from Fluka and used as received. Silver bar (99.9% purity, Pamp, Switzerland) which converted to wire (2 cm length, 0.25 mm o.d.) was provided by Azar Electrode Co. (Urmia, Iran).
Preparation of SPME fiber
A 3-mg volume of Ag2S powder was poured into a solution of 25 mg PVC powder in 5 ml THF and well-mixed. After a few minutes, THF was evaporated until a viscous suspension was formed. A 1 cm length of silver wire (total length 2 cm) which was mounted in the laboratory-made SPME device was repeatedly introduced into the above-mentioned suspension. After evaporation of THF at room temperature, a very firm porous coating of the sorbent (thickness 25 μm) in a PVC matrix was formed on a silver wire. The proposed SPME fiber was then conditioned in 200˚C for 20 min to remove any fiber contaminations.
GC operating conditions
The initial column temperature was maintained at 30˚C for 2 min and then raised at 15˚C/min to 130˚C and held for 1 min. Helium was used as carrier and makeup gas, the flow rates are 1.2 ml/min and 25 ml/min, respectively. The injector and detector temperatures were held at 100˚C and 250˚C respectively. Injections of analytes were made in splitless mode.
Analytical procedure
One milliliter of sample (whole blood, urine and saliva) was placed in a 5 ml vial containing 1 ml solution of 0.5 g/ml (NH4)2SO4 in water, which were spiked with iso-butanol as internal standard (100 μl for whole blood and 50 μl for urine and saliva samples). A new method for extraction and analysis of ethanol and methanol in human whole blood, urine and saliva samples based on headspace solid phase microextraction (SPME) using silver sulfide (Ag2S) and polyvinyl chloride (PVC) coated on silver wire is described. Unlike commercial fibers, which are coated on fused silica, the proposed fiber has a metallic base to which the coating adheres very strongly. Due to metallic base, this fiber is very durable and is thermally stable up to 250˚C. After optimization of coating composition and microextraction conditions, the fiber was used for sampling of methanol and ethanol from human body fluids prior to capillary gas chromatographic analysis. The high recovery (>94%), low detection limits (5.6 mg/L for ethanol and 12.8 mg/L for methanol) and excellent linearity (>0.9900) of calibration graphs made the proposed method suitable for this purpose. septum and shaken to obtain a homogeneous mixture. The solid phase microextraction from the headspace of the sample was carried out at 60˚C in a thermostatic water bath for 3 min. Magnetic stirring (200 rpm) was used as the agitating method. When the extraction step was performed, the SPME fiber was removed from the vial and was immediately inserted into the hot injection port of GC in splitless mode and kept there for 1 min. The analytes were thermally desorbed and moved through the column by carrier gas and finally detected by FID.
Results and Discussion
Optimization of fiber composition
For this purpose, fibers with various compositions (weight percent) were prepared. The extraction of ethanol and methanol from gas phase was performed as mentioned above. Due to the maximum extraction efficiency of the fiber with composition (10% PVC:90% Ag2S), it was selected as the optimum fiber composition.
Optimization of the microextraction temperature
In this study, the temperature had a dual effect. Although high temperature is both suitable for the evaporation of analytes until they adhere to the fiber, and is favorable for establishing the analytes distribution equilibrium between the fiber and gaseous phase, adsorption of the analytes on the fiber is undesirable at high temperature. However, optimization of the extraction temperature is necessary. For this purpose, the extraction of ethanol and methanol was performed from liquid samples (containing 40 mg/l of each alcohol) at various temperatures. Sum of the obtained peak areas were plotted vs. temperature, and these results are presented in Fig. 1 . As shown, ethanol and methanol have maximum adsorption on the fiber at 60˚C.
Optimization of microextraction time
Exposure time of the fiber in gaseous samples is an important parameter in achieving distribution equilibrium of analytes between fiber and sample; it is a decisive factor for improving the extraction efficiency. For this investigations, extractions were carried out at different times, ranging from 1 to 5 min followed by thermal desorption and GC analysis of analytes (Fig. 2) .
Optimization of desorption temperature and time
As mentioned above, after extraction, the fiber was immediately transferred to the injection port of the gas chromatograph. For optimization of this parameter, thermal desorption was carried out at 50, 70, 90, 100 and 120˚C. As was shown in Fig. 3 , at >90˚C thermal desorptions of the analytes were completed, so 100˚C was selected as optimum desorption temperature. Experimental studies show that the time required to complete desorption is less than 1 min for all analytes.
Study of the microextraction efficiency from the gaseous phase
In this case, ten sequential extractions were performed on a single sample. As shown in Fig. 4 , the extraction efficiency of the analytes is between 14 -27% in the first extraction. It should be mentioned that SPME is an equilibrium method and quantitative extraction of the analytes leads to low detection limits.
Effect of salting-out on microextraction
It is well understood that the water solubility of an organic compound is reduced by adding a salt (usually sodium chloride) to an aqueous solution of the substance. This effect lowers the solubility of the solute molecules, with consequent separation or precipitation; on the other hand, the matrix effect can be reduced by salt addition. To study the salting-out effect, we 1254 ANALYTICAL SCIENCES SEPTEMBER 2006, VOL. 22 Fig. 1 Effect of temperature on the transfer of alcohols to headspace of liquid samples. Fig. 2 Effect of time on the amount of extracted alcohols. Fig. 3 Effect of temperature on desorption of the analytes from the fiber. Fig. 4 Extraction efficiency of the SPME fiber. Ten sequential extractions were performed.
performed the extraction in the presence of different concentrations of NaCl and (NH4)2SO4. The obtained results demonstrate that salting-out is most effective and 0.5 g (NH4)2SO4 for each vial was chosen for further studies.
Reproducibility of the proposed method
Further experiments have been performed to assess the repeatability of the method. Thus, five replicate determinations have been carried out using a single fiber and the relative standard deviations were calculated (Table 1) . These results show that the RSD% of the method is less than 7.7% for ethanol and methanol, which indicates that the proposed method is repeatable. Also reproducibility studies performed on three different fibers show that fiber-to-fiber RSD% is less than 15% for all compounds (Table 1) .
Quantitative characteristics of the proposed method
Due to the use of high amounts of (NH4)2SO4 (0.5 g for each vial), the distribution of the analytes between the phases varied; our recovery studies clearly show that the matrix effect is negligible.
Therefore, quantitative characteristics of the proposed method were studied; these included calibration curve equations, correlation coefficients, limits of detection (LOD) and linear dynamic ranges in sampling of ethanol and methanol from gaseous phase. The results are summarized in Table 2 . The high correlation coefficients and low detection limits are advantages of the proposed method.
Analysis of alcohols in human body fluids
Direct analysis of body fluids is problematic due to interference of matrix components so headspace SPME is ideal for sampling of analytes from biological specimens, yielding cleaner extracts. To evaluate the efficiency of the proposed method in real samples, we successfully applied a method to assay ethanol and methanol in human body fluids (blood, urine and saliva). A typical chromatogram of a blood sample is shown in Fig. 5 .
Conclusion
This study presents novel SPME fiber based on Ag2S (as solid sorbent) in polymeric matrix (PVC) coated on silver wire, and reports its application to the solid phase microextraction of ethanol and methanol from human body fluids prior to capillary gas chromatographic analysis. The proposed fiber is very durable and can be used for more than 100 samplings. 
